In March 2010 the Large Area Telescope on-board the Fermi Gamma-ray Space Telescope discovered for the first time >100 MeV γ-ray emission from a nova within our galaxy, V407 Cyg. The high-energy spectrum and light curve was explained as a consequence of shock acceleration in the nova shell as it interacts with the local ambient medium. It was suspected that the necessary conditions for high-energy emission from novae would be rare. In June 2012 the LAT detected a new flaring source, Fermi J1750−3243, which is spatially coincident and contemporaneous with a new nova, Nova Sco 2012. We report on the exciting discovery of this new, γ-ray nova and present a detailed analysis of its high-energy properties.
V407 Cyg: The first γ-ray nova
On 11 March 2010 Japanese amateur astronomers reported the discovery of a new 8 th magnitude nova in the Cygnus constellation [Nishiyama & Kabashima 2010] . The nova was identified as originating from the known symbiotic binary, V407 Cyg. Symbiotic binaries are systems comprised of a red giant star and a hot white dwarf which is typically accreting material from the red giant via its stellar wind or Roche-lobe overflow. In the case of V407 Cyg it hosts a Mira-type variable red giant and so the white dwarf is embedded in a particularly dusty environment generated by the heavy wind of the donor star. The discovery of a classical nova event in this system was completely unexpected. A further unexpected discovery came when the Fermi Large Area Telescope (LAT) announced a detection of γ-ray emission above 100 MeV from the nova [Abdo et al. 2010 , Cheung et al. 2010 . The γ rays were detectable for approximately two weeks after the optical nova onset with a peak flux above 100 MeV of 9 × 10 −7 ph cm −2 s −1 . The onset of γ-ray emission was consistent with the optical onset. The multi-wavelength light curves of the 2010 V407 Cyg eruption are shown in Figure 1 . The features of these light curves were explained to be a consequence of the nova ejecta colliding with the red giant stellar wind and forming a shock where particles could be accelerated to high energies and consequently produce γ rays via leptonic and/or hadronic processes.
A new Galactic transient: Fermi J1750−3243
In June 2012 the Routine Science Processing (RSP) pipeline reported a potential week long flare from one of the monitored X-ray binaries; for details of the RSP binaries monitoring program see https: //confluence.slac.stanford.edu/download/ attachments/102860834/2011Glanzman_v2.pptx.
A detailed follow-up analysis identified a new γ-ray source, Fermi J1750−3243, that was not consistent with any of the known 2FGL catalog sources [Nolan et al. 2012 ]. This new source was localized to RA = 267.727
• , Dec = −32.720
• with a 95% error radius of 0.122
• [Cheung, Glanzman & Hill 2012] . The source was not consistent with the location of the monitored X-ray binary, it was something totally new. 
Data Analysis
With more than four years of in-flight data in hand the Fermi LAT collaboration has been assessing some of the primary sources of systematic uncertainties and has traced some of them back to the use of nonoptimal calibration constants for some of the detectors. The collaboration has been updating these constants and used them to reprocess the raw data to improve the source analyses 1 . For further details of the Pass 7 reprocessed data see Ackerman et al. [2012] , Bregeon, Charles & Wood [2013] 1 The Pass 7 reprocessed data is currently available for internal analysis and assessment within the collaboration and will be made public by the end of 2013
Reprocessed Pass 7 data
Some of the key improvements of the Pass 7 reprocessed data, also known as P7REP, include:
• An improved PSF above 3 GeV.
• Change in background contamination of event classes.
• A stabilized energy scale.
Assessments of the impact of the data reprocessing have shown that ∼25% of events have been re-assigned to a different event class. A variety of sources have been re-analysed and it has been found that P7REP data are of better quality and have lower systematic uncertainties than the original P7 data indicating that the overall improvement in data quality has lead to better standard source analysis [Bregeon, Charles & Wood 2013] .
Preliminary LAT analysis
Having identified a new Galactic transient consistent with a new classical nova, Nova Sco 2012, we preceded to analyze the source behaviour with the new P7REP data using the standard likelihood analysis tools included in the Fermi Science Tools. Some of the analysis details including event selection are listed below: eConf C121028 • Galactic and isotropic diffuse templates derived from the original Pass 7 data used (may underestimate the flux by ∼20%; new models were not available at the time of this analysis)
Results
The source is detected clearly with a significance of >12σ (TS = 181) and is definitely not associated with any previously detected LAT source. Figure 3 shows the TS map of the region when only the diffuse background components are modelled, the nova is evident in the centre of the field. The LAT spectrum is best characterized by a simple power law model:
with an index of Γ = 2.13 ± 0.04 and an integrated flux above 60 MeV of (9.6 ± 0.7) × 10 −7 ph cm −2 s −1 . Figure 4 shows the LAT data points together with the best-fit power law spectrum. Fitting the data with an exponentially cut-off power law (the best-fit spectral model for V407 Cyg) results in a slightly improved fit, ∆TS= 11, however it is not a significant enough improvement to adopt the more complex spectral model. Significant emission is seen from ∼0.1-10 GeV and there is no detection of spectral variability over the duration of the flare.
Fixing the spectral shape parameters the flux is calculated in daily bins to generate a γ-ray light curve for the source and is shown in Figure 5 . Approximately ∼14 days after the reported onset of the classical nova the γ-ray emission commences and is detectable in 10 independent daily bins starting over a total period of ∼12 days.
Multi-wavelength results
Taking the optical observations from the American Association of Variable Star Observers (AAVSO; http://www.aavso.org) and plotting it with the LAT light curve it is clear that Nova Sco 2012 behaves very differently to V407 Cyg; compare Figures 1 & 5. A summary of some of the different properties of these two novae events are listed in Table I . In the case of Nova Sco 2012, it very gradually reaches its optical peak slowly, ∼14 days after the initial rapid brightening whereas V407 Cyg reached it's maximum optical brightness almost immediately. In V407 Cyg the γ-rays were detectable at the onset of the optical eruption, however, with Nova Sco 2012 there was a delay of ∼14 days between the optical onset and the detection of γ-ray activity.
The decay time of the Nova Sco 2012 optical light curve places it in the fast/moderately fast novae speed class and is 4-5 times slower than V407 Cyg indicating that Nova Sco 2012 likely hosts a less massive white dwarf. Using the Maximum Magnitude rate of decline (MMRD) relation of Downes & Duerbeck [2000] and the intrinsic novae colour relations of van den Bergh & Younger [1987] suggests that the source is 4-5 kpc distant. Our derived value of the extinction towards eConf C121028 the source is compatible with estimates of extinction along the line of sight, however these estimates are known to be unreliable within 5
• of the Galactic plane. Radio emission has also been reported from Nova Sco 2012 however X-ray observations with Swift-XRT have to date not detected anything [Chomiuk et al. 2012 , Page et al. 2012 .
Summary
We have discovered a new γ-ray nova, the second member of a new high-energy source population. It has many similar γ-ray properties to the first LAT detected nova, V407 Cyg: spectral shape; duration; peak flux. Conversely, the optical properties are in stark contrast showing a much slower nova, potentially ∼1.6 times more distant and with an unidentified optical companion. The relationship between the optical and γ-ray properties is also not clear: in the case of V407 Cyg the high-energy and optical onset were compatible with being simultaneous in the case of Nova Sco 2012 the γ-rays lag the optical onset by ∼14 days although they do peak at the same time at both wavelengths.
The γ-ray production mechanism invoked to explain V407 Cyg was particle acceleration at the shock front produced by the collision of the nova ejecta with the heavy stellar wind of its red giant companion. Environments such as these are very rare in nova systems and while the donor star in the Nova Sco 2012 system is currently unknown it is not unreasonable to expect it to belong to the more typical population of low-mass dwarf donors. This would require a different model for the γ-ray production as such a system would not have a heavy stellar wind.
The potential appears to exist for novae, in general, to be capable of producing γ-rays, however, the mechanism behind this emission is still to be understood and has the potential to be different within the novae sub-classes. 
